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© A ceramic unit for replacing lost substance or 
tissue and having a contour transferred from a prep- 
aration model or a replacement position is made of 
densely sintered ceramic material. The model con- 
tour in question or a corresponding contour is trans- 
ferred in a linearly enlarged state to a part (4) 
belonging to a press tool (6), whose enlarged con- 
tour (2) defines a mould cavity (5) formed by means 
of the part in the press tool. Ceramic starting ma- 
terial is applied in the mould cavity and is subjected 
to compressive force. The unit produced in this way 
is released or removed and is treated In one or more 
sintering procedures in which it is subjected to linear 
shrinkage until the contour defined by the tool part 
has essentially the same size as the model contour. 

j It is proposed that Figure 2 accompany the 

f abstract. 
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Method for producing a ceramic unit. 



TECHNICAL FIELD 

The present invention relates to a method for 
producing a unit which consists of ceramic material 
and is designed to replace lost substance or tissue 
in the human body. The method is based on trans- 
ferring a contour from a preparation model or a 
place where the replacement is to be carried out to 
a tool. 



PRIOR ART 

Various methods are already known for replac- 
ing lost substance, for example tooth substance, or 
tissue with a unit made of ceramic material. In this 
respect the replacement may be complete in so- 
called crown treatment or partial in so-called filling 
treatment. Ceramic material is preferable for many 
reasons. Among other things, it has a high degree 
of biocompatibility and affords the possibility of a 
natural reproduction of colour, lustre and appear- 
ance. In addition, it has very good resistance to 
various attacking factors. 



DESCRIPTION OF THE INVENTION 



TECHNICAL PROBLEM 



The ceramic units (articles) which are available 
today in this field have the great disadvantage that 
they are not sufficiently strong, but instead easily 
break during use. Flexural strength has in particular 
proven difficult to satisfy. In addition, the methods 
by which the unit is produced are based on essen- 
tially manual procedures which require great crafts- 
manship. The ceramic units must in most cases be 
produced with great accuracy, for example an ac- 
curacy of 0.01 mm or less. 



SOLUTION 



The aim of the present invention is to provide a 
method for producing a ceramic unit, which method 
solves one or more of the problems mentioned. 
The feature which can principally be regarded as 
characterizing the new method is that the model 
contour in question is transferred in a linearly en- 
larged state to a part belonging to a tool, on whose 



enlarged contour ceramic starting material is ap- 
plied and compacted (compressed). The unit pro- 
duced in this way is then removed and treated in 
one or more sintering procedures, in which respect 

5 linear shrinking is carried out until the contour 
defined by the tool part has essentially the same 
size as the model contour. In one embodiment a 
mould cavity is formed with the tool part. The 
starting material is applied in the cavity and is 

10 subjected there to compressive force. 

In a preferred embodiment two different sinter- 
ing stages are used, a pre-sintering procedure and 
a final sintering procedure. After the pre-sintering 
the article is given a desired outer form by machin- 

75 ing, for example by grinding. After the final sinter- 
ing the article is individualized, for example by 
means of applying porcelain to the article and firing 
it to the desired outer contour and colour. 

In one proposed embodiment the model con- 

20 tour in question is enlarged by between 16 and 
25%, preferably about 20%, and by means of the 
said sintering procedures the article is shrunk by a 
corresponding percentage. The ceramic starting 
material introduced into the mould cavity is 

25 pressed isostatically or automatically with a high 
compressive force, for example of about 2000 MPa 
(about 200 kp/mm 2 ). The pre-sintering is carried 
out at a temperature of 800-1300* C, while the final 
sintering is carried out at a temperature of 1100- 

30 1600* C. 



ADVANTAGES 

35 The above proposals provide a method which 
permits economical production of individually 
shaped wholly ceramic units/articles with consider- 
. ably higher strength characteristics, in particular 
higher flexural strength characteristics, than today's 

40 ceramic units/articles. To give an example, the new 
articles withstand tensile stresses of an order of 
magnitude which is 3-4 times higher than Is possi- 
ble to achieve with today's articles and methods. 
The new method makes it possible to produce, 

4s in an economical manner, individual ceramic units 
for attachment to prepared underlays. By linearly 
enlarging the model of the prepared underlay and 
by allowing the enlarged replica (tool/tool part) to 
be the starting model for the subsequent produc- 

50 tion, it is possible to achieve complete or very long 
sintering of the ceramic unit, which affords the 
better flexural strength characteristics mentioned. 
This has not been possible hitherto. 
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DESCRIPTION OF FIGURES 

A proposed embodiment of a method for pro- 
ducing a ceramic unit will be described below with 
reference to the attached drawings, in which s 

Figure 1 shows a vertical view of a used 
model in relation to the linear enlargement which is 
to be transferred to a press tool part, 

Figure 2 shows, in vertical section, parts of 
the press tool comprising, on the one hand, the 10 
press tool part with the enlarged contour and, on 
the other hand, a mould cavity defined by the 
press tool part, 

Figure 3 shows, in vertical section and in 
principle, the sintering procedure for the ceramic 15 
unit, 

Figure 4 shows, in vertical section, the ma- 
chining of the outer contour of a unit produced and 
enlarged in the press tool, and 

Figure 5 shows a horizontal view of a copy- 20 
ing machine by means of which the shape/contour 
of the model can be transferred linearly enlarged to 
the press tool part. 

26 

PREFERRED EMBODIMENT 

Figure 1 shows a starting model (preparation 
model) 1 with a contour 2 (for example outer con- 
tour) to which the produced unit On the present 30 
case the cap) is to be matched with great accu- 
racy, for example 0.01 mm or less. The centre of 
gravity of the article is Indicated by 3 and a given 
distance from the contour 2 is indicated by a. The 
linear enlargement f which is to be made of the 35 
model contour 2 according to the invention means 
that the distance b, which relates to the distance a 
in the enlarged state, will have the value according 
to the equation: 

b = a • f 40 
in which f = the enlargement factor. 

This enlargement relationship applies to all dis- 
tances between the centre of gravity 3 and the 
contour 2. 

In accordance with what is stated below, the 45 
linearly enlarged contour 2 is transferred to a 
press tool part 4 which defines a mould cavity 5 in 
a press tool 6. Ceramic starting material, for exam- 
ple aluminium oxide, is applied in the cavity and is 
compressed at high pressure, for example 2000 so 
Mpa. Pressing procedures which are known per se 
can be used in this case, for example isostatic 
pressing or automatic pressing. Alternatively, slip 
casting, die casting, injection moulding or another 
compacting method can be used. 55 

The unit 7 thus produced is released or re- 
moved from the tool and is pre-sintered in a fur- 
nace 8 at about 800 -1300° C. The article 7 is then 
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machined to the desired outer shape. The machin- 
ing can be carried out manually, for example using 
a grinding machine 9 or another machining device 
(for example laser). After machining, final sintering 
is carried out in the furnace 8 at a temperature of 
1100 - 1600 # C. The sintering procedure/sintering 
procedures is/are known per se and is/are of the 
type in which the shrinking of the unit is controlled 
exactly so as to give a dimension in which the 
outer contour 2 matches with a high degree of 
precision the size and shape of the contour 2 of the 
model 1. After checking, the unit/hood/cap can be 
individualized by firing conventional porcelain 
(dental porcelain) in a known manner to give the 
correct outer contour and correct colour. 

Figure 3 shows the enlarged distance b be- 
tween the centre of gravity 3' and the relevant 
point on the inner surface of the unit 7. In Figure 4 
the shrunk distance a between the centre of gravity 
3" and the relevant point on the inner wall is 
obtained as follows: 
a = b (1 - a) 

in which a = the shrinkage factor. 

The production of the tool part with simulta- 
neous transfer of the model contour 2 in a linearly 
enlarged state 2 can be achieved by using a 
modified embodiment of the copying machine ac- 
cording to Swedish patent 8601870-2. The modi- 
fied parts of the machine emerge from Figure 5. In 
the known machine, a pair of first units 10 and 11 
are rotatably arranged in a housing which is ar- 
ranged dispiaceable in the longitudinal direction of 
the units. The first unit 10 supports the model 3 
and the second unit 2 supports in a corresponding 
manner a blank (not shown in Figure 5) from which 
the tool part 4 (see Figure 2) is to be produced. 
The copying machine also comprises a second 
pair of units, here referred to as the third and fourth 
units 13 and 14. The third unit consists of a detect- 
ing member/a needle 13a which senses the con- 
tour of the rotating model 12. The fourth unit sup- 
ports a cutter or another tool for shaping the blank 
secured on the unit 1 1 . 

The first and second pairs of units are de- 
signed so as to be longitudinally dispiaceable in 
their longitudinal directions towards and away from 
each other. In the known machine these move- 
ments, here called the first longitudinal displace- 
ment movements, are the same size for the units in 
each pair. According to the present modification, 
the units in each pair of units will moreover be 
mutually dispiaceable in such a way that, during 
copying, the one unit has a second displacement 
movement or additional movement besides the first 
displacement movement. The said second dis- 
placement movement or additional movement gives 
the linear enlargement in the copying. The units 10, 
11 in the first pair effect the enlargement in the 
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longitudinal direction of the model, and the units 
13, 14 in the second pair effect the enlargement in 
the radial direction of the model. In the exemplary 
embodiment the unit 10 is displaceable relative to 
the unit 11, and the unit 14 is displaceable relative s 
to the unit 13- 

In the case shown, the additional movements 
are obtained by means of a first linkage system 15 
for the units of the first pair and a second linkage 
system 16 for the units of the second pair. Each io 
linkage system is designed in such a way that the 
percentage degree of enlargement is adjustable in 
each case. 

The first linkage comprises link arms 15a and 
15b. Link arm 15a is rotatably mounted at a point is 
15c, and the link arms are mounted rotatable with 
respect to each other at a point 15d. The link arm 
15b extends across the parallel units 10, 11 to a 
bracket 17 which follows the first longitudinal dis- 
placement movement of the unit 10. The move- 20 
ment of the bracket is transferred to the end of the 
link arm 15b, and the link arm 15b in turn transmits 
its movement to the unit 10 which is mounted 
displaceable relative to the unit 1 1 in a manner not 
shown specially. The transfer to the unit 10 takes 25 
place at a point 18. Two distances A and B are 
shown. A is identical to the distance between the 
bearing point 15d and a point 19 at which transmis- 
sion of the movement of the bracket to the link arm 
15b takes place. B is the distance between the 30 
bearing point 15d and the working point 18. The 
additional movement of the unit 11 relative to the 
unit 10 is determined by the relationship A/B. The 
movement of the unit 10 relative to the unit ,11 is 
braked" by means of the linkage system. The point 35 
19 is arranged displaceable in the longitudinal di- 
rection of the link arm 15b so that variation of the 
distance A can be achieved. 

The second linkage system 16 comprises a 
link arm 20 which extends across the parallel units 40 
13 and 14. Link arms 21 and 22 are also included. 
The member 13a in the unit 13 is longitudinally 
displaceable in the body of the unit, where it acts 
on a similarly longitudinally displaceable servo pis- 
ton 13b. The latter supports a bearing part 13c for 45 
the unit 14 which comprises a spindle housing 14a 
firmly attached to the bearing part 13c. The spindle 
housing bears a sleeve which is fixed relative to 
the spindle housing in the rotational direction, but 
is longitudinally displaceable relative to the spindle so 
housing. A spindle 14b which supports a tool 14c is 
rotatably mounted in the sleeve but is fixed with 
respect to the latter in the direction of longitudinal 
displacement. 

The links 20, 21 and 22 are allocated screws or 55 
bearing points 23, 24, 25, 27 and 28. Screw 24 is 
mounted in link 21 and screwed securely in link 20. 
Screw 25 is mounted in link 21 but is screwed 



securely at 13c. Screw 28 is mounted in link 22 
and is screwed securely in link 20. The screw 28 
can be screwed securely at any chosen position in 
the groove 30 in link 20. The screw 27 is mounted 
in the link 22 and is screwed securely in a unit 26 
which is clamped securely on the abovementioned 
,sleeve. The movement from the member 13a thus 
passes along the trajectory shown by arrows P. 

When 13c moves a certain distance, the point 
24 also moves. The link 20 then moves a certain 
defined angular distance about the bearing 23. The 
point 28 then moves a distance which is C/D great- 
er than the distance which 24 moves. The enlarge- 
ment f is thus C/D. The setting of the enlargement 
is obtained by tightening the screw 28 at a chosen 
position. 

The additional movements for each unit in each 
pair of units can be effected by using members 
effecting additional movements other than the me- 
chanically operated linkage system, for example 
electric motors, hydraulic cylinders, etc. 

The invention is not limited to the embodiment 
shown above by way of example, but can instead 
be subject to modifications within the scope of the 
following patent claims. 

Claims 

1 . Method for producing a unit (7) which con- 
sists of ceramic material and is designed to replace 
lost substance or tissue in the human body, in 
which respect the contour of the unit is transferred 
from a used preparation model or a position at 
which the replacement is to take place, character- 
ized in that the model contour (2) in question is 
transferred in a linearly enlarged state (2 ) to a part 
(4) belonging to a tool (6), on whose enlarged 
contour (2 ) ceramic starting material is applied and 
compacted, and in that the unit produced in this 
way is removed and treated in one or more sinter- 
ing procedures in which it is subjected to linear 
shrinkage until the contour (2") defined by the tool 
part has essentially the same size as the model 
contour (2). 

2. Method according to Patent Claim 1, char- 
acterized in that a mould cavity (5) is formed by 
means of the tool part (4) with the enlarged contour 
(2'), and in that the ceramic starting material is 
applied in the mould cavity. 

3. Method according to Patent Claim I or 2, 
characterized in that, after removing the article 
from the press tool part (4), but before the said 
sintering, hereinafter referred to as the final sinter- 
ing, the unit is presintered. 

4. Method according to Patent Claim 3, char- 
acterized in that, after the pre-sinterlng, the unit is 
given a desired outer shape, for example by man- 
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ual grinding. 

5. Method according to Patent Claim 1, 2, 3 or 
4, characterized in that, after the said final sinter- 
ing, the unit is individualized by means of applying 
porcelain on the unit and firing it to the desired s 
outer contour and colour. 

6. Method according to any one of Patent 
Claims 3-5, characterized in that the model contour 
in question is enlarged by between 16-25%, prefer- 
ably about 20%, and in that corresponding shrink- w 
ing is carried out in the final sintering procedure. 

7. Method according to any one of Patent 
Claims 1-6, characterized in that the ceramic ma- 
terial applied in the mould cavity is pressed 
isostatically or automatically at a high compressive 75 
force, for example about 2000 Mpa. 

8. Method according to any one of Patent 
Claims 1-7, characterized in that the pre-sintering 
is carried out at a temperature of between 800- 
1300' C. 20 

9. Method according to any one of Patent 
Claims 2-8, characterized in that the final sintering 
is carried out at a temperature of 1 100-1600* C. 

25 
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